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Abstract
Recently, the Albanian Government started the process to join the European Union. This process also 
involves matching the EU parameters in protecting its biodiversity. In order to support the Albanian 
authorities, the Italian Ministry of Foreign Affairs, General Directorate for Development Cooperation 
(DGCS) and the International Union for Conservation of Nature (IUCN) joined efforts in the project 
“Institutional Support to the Albanian Ministry of Environment, Forest and Water Administration for 
Sustainable Biodiversity Conservation and Use in Protected Areas”. This project aims at identifying prior-
ity needs in safeguarding ecosystem services and biodiversity conservation. Another project funded by the 
EU – “Strengthening capacity in National Nature Protection – preparation for Natura 2000 network” – 
started in 2015 with the aim to raise awareness for assisting local and national Albanian institutions to 
better exploit the potential of protected areas. One of the main issues encountered during these projects 
was the need for a national biodiversity data repository. The Biodiversity National Network of Albania 
(BioNNA) has been created to aggregate occurrence records of plants and animals and aims at becoming 
the most relevant source of information for biodiversity data as far as Albania is concerned. In this paper, 
the authors detail structure and data of BioNNA, including the process of data gathering and aggrega-
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tion, taxonomic coverage, software details and WebGIS development. BioNNA is a milestone on the 
path towards Albania’s inclusion in the EU and has also a relevant potential social relevance for improving 
people’s awareness on the importance of biodiversity in the country.
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Introduction
Recently, the Albanian Government started the process to match European Union 
parameters in biodiversity conservation, as part of a larger process which is expected to 
lead to its inclusion in the Union. This process is highlighted by the recent expansion 
of the Albanian protected area system, as well as by the efforts to gather and aggregate 
biodiversity data (fundamental for reporting to the European Union and to other in-
ternational conventions). In order to support the Albanian authorities, the Interna-
tional Union for Conservation of Nature (IUCN) implemented a project funded by 
the Italian Ministry of Foreign Affairs, General Directorate for Development Coop-
eration (DGCS), entitled “Institutional Support to the Albanian Ministry of Environ-
ment, Forest and Water Administration (currently Ministry of Environment - MoE) 
for Sustainable Biodiversity Conservation and Use in Protected Areas” (hereafter the 
“Institutional Support” project). This five-year project aimed at identifying priority 
needs in safeguarding ecosystem services and biodiversity conservation. The project 
focused on two protected areas (PAs), the Buna River Protected Landscape and the 
Shebenik-Jabllanicë National Park, which were selected, amongst other criteria, for the 
relevance of the ecosystem services they provide to local communities. The objective 
of the project was to start a capacity building process, which would lead the MoE to 
adopt a systemic approach in planning and managing protected areas. This included 
inter alia the participatory preparation of the two PAs management plans, training of 
local MoE staff, NGOs and university post graduate students on ecological monitor-
ing, implementation of concrete activities (such as building and renovation of PAs 
ecotourism facilities) and carrying out awareness-raising actions.
Another project funded by the EU, “Strengthening capacity in National Nature 
Protection - preparation for Natura 2000 network” (NaturAL), is being implemented 
in Albania since 2015, aiming at a) raising awareness for assisting local and national 
Albanian institutions to better exploit the potential of protected areas and b) further 
promoting the partnership between the Italian Cooperation and the Albanian Minis-
try of Environment. Its main objective is to stop the loss of biodiversity in Albania by 
further improving the management practices of protected areas. This will be achieved 
by implementing five PAs’ Management Plans and by preparing a preliminary list of 
Natura 2000 sites, with a view to their future submission to the European Commission 
by the Albanian authorities. A proper organisation and maintenance of, confidence on 
and accessibility to biodiversity data is mandatory for elaborating conservation policies 
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and strategies, performing strategic assessments and identifying priorities of interven-
tions, hence reducing the current rate of biodiversity loss (Wheeler et al. 2012, Cos-
tello et al. 2013). Especially since the Earth Summit of Rio in 1992, electronic access 
to biodiversity information has become a priority task worldwide, leading to great pro-
gress in the field of Biodiversity Informatics (European Commission 2011, Martellos 
& Attorre 2012, Costello et al. 2013). This, amongst other relevant results, led to the 
creation of global federated networks for the aggregation of biodiversity data (e.g. the 
Global Biodiversity Information Facility (GBIF) – http://www.gbif.org/ – and the Bio-
CASE – http://www.biocase.org (Holetschek et al. 2012)). The GBIF especially, which 
aggregates more than 750 million occurrence data, was developed to accomplish one 
of the aims of the Convention on Biological Diversity, i.e. to make biodiversity data 
accessible online.
Hence, in the framework of the “Institutional Support” project, one of the stra-
tegic needs expressed by the Albanian institutions was the development of a national 
biodiversity data repository to aggregate, manage and make data available online. Such 
a tool was seen as mandatory for supporting Albanian Institutions in elaborating ef-
fective conservation strategies and reporting to relevant EU Conventions. Too often 
biodiversity data are unavailable to institutions, researchers and the general public in 
many countries or, if available, they are scattered in several different repositories which 
differ in platform, structure and data semantics (Edwards et al. 2000, Schuurman and 
Leszczynski 2008, Heidorn 2011, Martellos and Attorre 2012). Furthermore, biodi-
versity data are often collected in the framework and with the technical and financial 
support of international projects. Unfortunately, in absence of official data repositories, 
these data tend to disappear at the project’s end. Several international projects have also 
a limited impact, since they are unrealistically complicated and impossible to maintain 
with limited local funding and human resources (Šašić et al. 2015). Furthermore, bio-
diversity data collected in extemporaneous efforts are often incomplete, with gaps for 
many taxa and habitats (Qiriazi and Sala 2000, Mullaj et al. 2007).
Albania has maintained many of its traditional agrosilvicultural practices, thus pre-
serving most of its rich biodiversity, also in the absence of a formal system of protected 
areas. However, a process of over-exploitation of natural resources started in the last dec-
ades (since the country opened to external influences (Šašić et al. 2015)), together with 
the need for achieving several targets mandatory for being part of the EU, prompted 
the creation of an official network of protected areas. However, planning the develop-
ment of an effective network of protected areas requires a thorough knowledge of local 
biodiversity. While Albania hosts a rich biodiversity (Qiriazi and Sala 2000, Mullaj 
et al. 2007, Mizsei et al. 2017, Szabolcs et al. 2017), only few data exist in the digital 
domain (e.g. Corine Biotopes (https://www.eea.europa.eu/data-and-maps/data/clc-
2012-raster), Emerald (http://cdr.eionet.europa.eu/al/coltswjhw/Emerald/envtncdca), 
Red Lists of Flora and Fauna of Albania (http://www.nationalredlist.org/files/2015/06/
Red-list-of-Albanian-flora-and-fauna-2013-MO-1280-20-11-2013.pdf )) and are often 
difficult to access, mainly due to scarcity of ICT resources and the absence of long-term 
vision and strategy in the past. Hence, it was planned to transfer to Albania previous 
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experiences (Martellos et al. 2011, Holetschek et al. 2012), aiming at the development 
of a sustainable infrastructure for the aggregation of biodiversity data, the Biodiversity 
National Network of Albania (BioNNA). BioNNA was developed for supporting the 
National Biodiversity Strategy and Action Plan of the Albanian MoE for the period 
2000–2015 and it will serve as a data repository according to international standards of 
biodiversity data collected by future projects as well as from citizen science initiatives. 
The Action Plan defines the main directions for preserving biodiversity and habitats, the 
identification and institution of protected areas and the protection of species inside and 
outside these areas. Due to BioNNA, biodiversity data collected from different sources 
are made available in a standard format to institutional decision-makers and planners, 
researchers, eco-tourists and the general public. Data originating from several different 
initiatives and projects are aggregated and validated by using standardised procedures 
by national and international experts in botany, zoology and biodiversity informatics.
In the present paper, the architecture of BioNNA, the data it currently aggregates 
and its WebGIS platform are detailed.
Methods
Data and taxonomic coverage
BioNNA aggregates primary biodiversity data, i.e. occurrences of plants and animals 
recorded in Albania. They have been obtained by Albanian and international research-
ers from three different sources: i) field data collected in the years 2015–2016 during 
the Institutional Support and the NaturAL projects, ii) data published in the scientific 
literature and iii) field data collected in the last 10 years by international experts or local 
researchers involved in the Institutional Support and the NaturAL projects. Field data 
have been collected mostly during June–October 2012/2013/2016 field campaigns in 
7 protected areas, which were selected because of their relevance in terms of species 
and habitats diversity: Buna River-Velipoje Protected Landscape, Shebenik-Jabllanica 
National Park, Lake Shkodra Managed Nature Reserve, Korab-Koritnik Managed Na-
ture Reserve, Divjaka-Karavasta National Park, Tomorri Mountain National Park, and 
Bredhi i Hotoves-Dangelli National Park (Fig. 1).
While a detailed description of the methodologies applied during field work is be-
yond the scope of this paper, it is important to mention at least the approaches used for 
each taxonomic group. Botanical data have been collected according to the phytoso-
ciological methods of Braun-Blanquet (1964) and Westhoff & van der Maarel (1978). 
The list of species occurring in scattered plots, selected in relation to the homogeneity 
of physical features, vegetation structure and species dominance, has been reported in 
order to identify vegetation communities and habitats.
During faunistic surveys, fish population sampling was undertaken following the 
CEN 14757 standardised protocol, using benthic multi-mesh gillnets and pelagic 
multi-mesh gillnets. For amphibians and reptiles, Visual Encounter Surveys (VES) 
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Figure 1. Distribution of the 7 protected areas in which field campaigns have been undertaken dur-
ing the “Institutional Support to the Albanian Ministry of Environment, Forest and Water Adminis-
tration for Sustainable Biodiversity Conservation and Use in Protected Areas” and NaturAL projects.
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have been applied through transects according to the habitat requirements of each 
taxon. The censuses of birds were undertaken by using binoculars, bird calls and spot-
ting scopes. Counting points were chosen as a function of accessibility, visibility and 
the best coverage of the area. Four different methods have been used for mammals: 1) 
Sherman traps, for capturing live specimens of small terricolous mammals, 2) camera 
traps, located in selected sites to sample large and medium-sized mammals, 3) tracks 
and signs observed along transects and 4) mist nets and bat detectors to study the pres-
ence of bats, mostly in caves and disused bunkers.
In Albania, 411 species of plants and 1206 species of animals are listed in the IUCN 
Red List of Threatened Species (Zaneli et al. 2014). Although the country is known to 
host 3629 species of plants and 1751 of animals (Meço & Mullaj 2015, Olšavská et al. 
2016), these figures are likely to increase, since some areas in the Albanian territory are 
largely unexplored (Olšavská et al. 2016), especially in the north- and south-eastern 
portions of the country and some taxa, particularly animals, are still understudied 
even in well-known areas (Bego et al. 2018). To date, BioNNA has aggregated 9967 
occurrence records of plants (1452 infrageneric taxa) and 11376 occurrence records of 
animals (637 infrageneric taxa). Although insects are known to be the largest group of 
animals on the planet, the number of records for this taxonomic group (266, 93 infra-
generic taxa) are very scarce, mostly because of a lack of local entomologists.
Software
The core of BioNNA is a federated database system of primary biodiversity data 
(i.e. data obtained from floristic and faunistic observations and from specimens of nat-
ural history collections), which uses the BioCASE protocol for allowing the commu-
nication amongst the nodes of the federation and ABCD as data standard (Martellos 
et al. 2011, Holetschek et al. 2012, Martellos and Attorre 2012). When a user queries 
the system, the output is produced by sending the query to all federated nodes and 
returning an answer in the standard format ABCD. The BioCASE provider software is 
a free package supplied by the BioCASE project (http.//www.biocase.org), supported 
by the Botanic Garden and Botanical Museum of Berlin-Dahlem. The Web-App was 
the part of the system which required the highest effort, since it was developed from 
scratch. It allows the use of BioNNA in two different modalities; as a Standard User, 
which is allowed to query and retrieve data and as a Professional User, which also has 
access to several editing tools for managing the databases. In order to improve users’ 
experience, the Web-App was developed by using innovative libraries from DEVEX-
PRESS, within a Microsoft Visual Studio development environment. All the functions 
of the Web-App are provided with automated input control tools, in order to prevent 
any erroneous use, in particular in data cleansing and updating processes.
BioNNA is hosted in a web portal which, other than the Web-App, hosts:
• Introductive Pages, where information about BioNNA and the dataset can be retrieved;
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• Species Fact Sheets, where it is possible to list the taxa and their biological features. 
This section also links to the Encyclopaedia of Life (EOL), for retrieving informa-
tion on taxonomy, distribution and conservation status of the species;
• Species Data pages, where it is possible to list the occurrence points. From the Spe-
cies Data page, it is also possible to access the Web-GIS viewer;
• Web-GIS viewer, which is used for visualising the spatial distribution of each in-
frageneric taxon. This tool has been specifically developed for the BioNNA system, 
making use of open source and open code tools;
• Protected Areas page, which contains Socio-Ecological Fact Sheets (data and tech-
nical information) about the current situation of the Albanian protected areas.
A well as being a federated network of data providers, BioNNA was also planned as 
a data provider for the BioCASE and GBIF networks, in order to make the biodiversity 
heritage of Albania available worldwide.
results and discussion
BioNNA: datasets and policy
BioNNA is currently the largest aggregator of primary biodiversity data in Albania and 
it is planned to grow further by aggregating new datasets. However, the aggregation of 
a new dataset into the federation is not an automated process. Each dataset must have 
a certain level of data quality, as well as a minimum mandatory set of data: a unique ID 
for each observation record, the scientific name of the taxon, latitude and longitude. For 
consistency purposes, it is suggested that the coordinates follow the WGS84 geographic 
system in decimal degrees. These minimum requirements are evaluated by the Scientific 
Committee of BioNNA. In addition to the minimum mandatory dataset, many other 
data can potentially be included. Those which have been already implemented in the 
Web-App of BioNNA are: date of survey or collection, collector or observer, locality of 
collection or observation, community in which the organism was surveyed and refer-
ences. Furthermore, the use of ABCD, which lists ca. 1200 concepts, permits far more 
data for each observation record to be aggregated in the BioNNA federation.
BioNNA is also storing data on sensitive taxa. In this case, a relevant issue is given 
by showing the exact locations of occurrence, providing the risk of misuse of those 
sensitive data by parties with commercial interests. On the other hand, the exact lo-
cation of sensitive taxa (e.g. species classified as threatened by the IUCN – critically 
endangered, endangered or vulnerable – e.g. important nursery colony of bats, den site 
of bears, otter holts etc.) is an important source of information for decision-makers, 
such as the Ministry of Environment, the National Environmental Agency (NEA), the 
National Agency of Protected Areas (NAPA) and other Ministries and development 
agencies. Hence, sensitive data will not be displayed online, but provided under strict 
safeguard policy, in order to avoid their misuse.
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Currently, BioNNA aggregates not only data of taxa listed in the Birds and Habitats 
Directives, but also of several other taxa and potentially of all those which are known to 
occur in the country. This is of pivotal importance for Albania, since the data aggregated 
in BioNNA could provide evidence of the need for protection of some endemic/rare taxa 
or highlight areas of high biodiversity or relevance, deserving some degree of protection.
Using BioNNA
The web portal of BioNNA (www.bionna.al) provides users with several ways to access 
the data. The query system hosts two tools, one for plants and one for animals. In the 
‘Species data’ section, in addition to the data sheets, users can visualise a data table 
with all the occurrence records for a species. For each occurrence, ID number, latitude 
and longitude, as well as the optional details are reported (when available: date of data 
entry, number of individuals, type of data collected, references, vegetation community 
(only for plants) and locality in which the individual has been found; Fig. 2). In this 
section, the user can also create a spatial reference file (.shp) for each selected species 
and visualise it by using the WebGIS viewer, which is one of the most relevant features 
of BioNNA. It displays occurrence points on a satellite map of Albania, evidencing 
protected areas, as well as counties borders (Fig. 3). From the ‘Species data’ page, it is 
possible, using the button “Add Species to Map”, to load the occurrences of a taxon 
into the Web-GIS Viewer. This can be done for a single taxon or for a selection of taxa. 
The viewer displays the points on the map, hence allowing a preliminary analysis of the 
spatial distribution of the taxa. Furthermore, it is possible to access the metadata as-
sociated with the shapefile of each taxon. From the ‘Species data section’ it is also pos-
sible to download a data table of occurrence records in Excel format (.xls), which was 
chosen since it can be imported into several modelling and analysis tools (e.g. MaxEnt 
(Elith et al. 2011) and GeoCAT (Bachman et al. 2011)).
Relevance of BioNNA and future development
BioNNA aims at supporting Albanian Institutions in managing data on the biodi-
versity of the country. Several stakeholders will potentially benefit from it, especially 
whether it will receive regular updates and grow with the aggregation of other datasets. 
Practitioners will benefit from knowing which taxa are known to occur in the areas they 
manage, in order to plan species- or habitat-specific conservation measures. A detailed 
and up-to-date knowledge of the distribution of “problematic” taxa, e.g. those which 
prey on livestock (e.g. wolf, bear, fox, jackal) will help reducing the conflicts between 
human needs and wildlife conservation. Depicting the areas in which charismatic spe-
cies live will also improve tourism, providing economic benefits to local communities, 
hence leading to an increased awareness of the values provided by wildlife conservation 
amongst local populations.
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Figure 2. The BioNNA search interface.
Figure 3. BioNNAWebGIS interface.
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BioNNA will also be useful to scientists in depicting gaps in knowledge of the 
biodiversity of Albania, hence driving new sampling efforts. A large portion of Albania 
still remains under-investigated and it is likely that several interesting/rare taxa oc-
curring in the country are still to be reported (Bego et al. 2018). Academics will have 
a fundamental role in the development of BioNNA, since they will be involved in 
supporting the Albanian Ministry of Environment for its future growth. Therefore, a 
pool of outstanding local researchers has been selected as the Scientific Committee of 
BioNNA, with the aim of:
1. Validating the dataset before aggregating them in the federated database system;
2. Deciding whether to provide data on sensitive species to interested parties. Moni-
toring the use of the sensitive data should be mandatory, in order to ensure the 
protection of sensitive taxa;
3. Promoting the use of BioNNA to elaborate effective conservation strategies and defining 
the main strategies for its further development (i.e. through the implementation of 
citizen science initiatives – e.g. initiatives such as the CSMON-LIFE project, BioBlitzes, 
The Great Nature, Project BudBurst, Nature’s Notebook (Van Vliet et al. 2016).
The Scientific Committee will be supported by international scientists during 
its early stages. The active cooperation of local scientists with the Albanian Ministry 
of Environment will be fundamental to improve BioNNA and make it a reliable 
reference point for Albanian biodiversity data. Other projects (e.g. “Conservation 
and sustainable use of biodiversity at Lakes Prespa, Ohrid and Shkodra/Skadar”) 
currently aim at monitoring wild species in Albania and the occurrence data col-
lected by scientists and the staff of protected areas may well be integrated within the 
BioNNA database.
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